INTRODUCTION
One of the most important functions of the dialyzer is the elimination of waste in blood by filtration. 1) It is always carried out naturally in healthy persons, but not in patients of functional disease in the kidney. The artificial elimination in the patients, therefore, has to be done by using the dialyzer at regular intervals, during which they must keep quiet. Then, it is quite necessary to reduce the eliminating time.
The authors made a preliminary test to increase the efficiency of dialysis by irradiating ultrasound on the dialyzer model, because the following ultrasonic mechanical actions are expected to increase clearance; that is, the repetitional sound pressure increases the relative velocity of particles and induces the ultrasonic straight flow, microstream, and cavitation which effectively stir the inner or outer solutions of the dialysis membrane. A remarkable enhancement of the efficiency of dialysis was found in this test. The reports on the effect of ultrasound on the dialysis efficiency, however, are hardly found. The purpose of this study is, therefore, to clarify the causes of the ultrasonic effect on the dialysis efficiency.
THEORETICAL BACKGROUND
The concentration of solute, waste molecule, denoted C, in the solution, which flows inside a hollow fiber tube for dialysis as shown in Fig. 1 , may be regarded as a function of time, t. The concentration per unit distance, therefore, may be represented by C(t) at a certain position in the flow direction. The change with t in the concentration of solute inside the hollow fiber tube, hereinafter abbreviated as the tube, can be considered to be Fig. 1 The schematic diagram of the hollow fiber tube.
C4 is the solute concentration in the bulk of the dialyzer. 
where kin, kM, and kout are the permeabilities in the inner concentration boundary layer, membrane, and the outer concentration boundary layer respectively.
These permeabilities are related with the rate constant K, as the mol numbers of the solute which passed through are equal to each other in the three 
where Ain, AM, and Aout are represented by 
APPARATUS AND EXPERIMENTAL
The dialyzer model of hollow fiber kidney type consists of a bundle of hollow fiber tubes (1) set up in a 50 ml beaker (2) and a screw (3) to stir the dialysate in the beaker as shown in Fig. 3 . The following equipments are connected to the dialyzer; a small reservoir (50 ml) (4) for the waste solution instead of blood; a pump (5) to supply the solution to the hollow fiber tube; a large reservoir (1l) (6) for the dialysate; a pump (7) to circulate the dialysate; a pump (8) to circulate the thermostatted water (9) in the whole equipments. Poly-vinyl chloride tubes of 2 mm in an inner diameter (10), which were covered with polystyrene foam sheet (11) When the ultrasound was irradiated, the position of curve went up more with the increase of the ultrasonic power, Pa, and reached the maximum position at Pa=10 W at constant Sv=1,500 RPM. The following contributions of the ultrasound to the increase in CL may be presumed;3-5) i) A diffusion velocity of creatinine molecule increases with the relative velocity of the molecular particle which is increased by the repetitional sound pressure; ii) The thickness of concentration boundary layer on the inner surface of membrane of the tube is decreased by exchanging the solution in the neighborhood of the membrane to that at the central part in the tube by the ultrasonic cavitation and microstream; iii) The thickness of concentration boundary layer on the outer surface of the membrane is decreased by exchanging the water in the neighborhood of the membrane with that in the bulk by the ultrasonic straight flow; iv) The thickness of concentration boundary layer on the outer surface of the membrane is decreased by the similar exchange of the water to iii) by the ultrasonic cavitation and microstream; and so on. From Eqs. (2) and (12) The increase in the inner diameter of the tube with Q, the non-uniform distribution of concentration of creatinine, and so on in the extremely large Q may be presumed as causes of the intercept of -1n (C1/C0) 0, but the data are insufficient to evidence the cause. However, Eq. (14) is rewritten in the range of Q in this experimental condition as; 
The value of kin, therefore, must change also with 1/Q. However, since K is independent of 1/Q as can be seen in Fig. 6 , 1/kin in Eq. (4) may be ignored under this experimental condition, and 8in may be ignored. Therefore, the contribution ii) may not be relevant to the explanation of the experimental result.
Examination of contribution iii)
As revealed in the above consideration the resistance of solute transport through the tube membrane, R, is given as follows under this experimental condition; (19) 
The increase in CL by ultrasonic irradiation may lead to the effective exchange of the water in the neighborhood of the outer surface of the membrane with that in the bulk by ultrasonic cavitation and microstream. The contribution iv), therefore, is the most reasonable for explaining the experimental result.
Discussion on kM
The value of KM, the rate constant in the membrane, was calculated to be 8.1 min-4 from the slope of line, KV, at Pa=10 W in Fig. 6 
